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In the title complex, [(C 4 H 9 ) 4 N] 2 [Mo 6 0 18 (C 9 H 9 N0 2 )]- 
0.5C 4 H 10 O, the arylimido ligand is linked to an Mo atom of 
the Lindqvist-type polyoxidometalate anion by an Mo=N 
bond of 1.726 (4) A. The Mo=N-C angles are 160.7 (5) and 
167.6(5)° because of disorder affecting the aryl group, and is 
typical for the imido monodentate behaviour described in 
analogous hybrids. Light components of the structure are 
extensively disordered. The aryl ester group is disordered over 
two positions with occupancies refined to 0.559 (3) and 
0.441 (3). Both independent tetrabutylammonium cations 
have butyl chains partially split over two sites, with 
occupancies as in the aryl group of the anion. Finally, the 
ether solvent molecule is disordered around an inversion 
centre. In the crystal, cations and anions interact via C— 
H- ■ O contacts, involving O atoms of the polyoxidometalate 
anion and the ester group of the arylimido ligand as acceptor 
groups. 

Related literature 

For general background to polyoxidometalates and the 
synthesis of their organoimido derivatives, see: Hill (1998); Li 
et al. (2011); Du et al. (1992); Mohs et al. (1995); Clegg et al. 
(1995); Wu et al. (2004). For structural features characteristic 
of these complexes, see: Karlin & Wigley (2007); Li et al. 
(2008). 
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Experimental 

Crystal data 

(C 16 H 36 N) 2 [Mo 6 0 18 (C 9 H 9 - 

NO 2 )]-0.5C 4 H 10 O 
M, = 1548.79 
Monoclinic, P2,/n 
a = 16.3974 (16) A 
b = 17.0854 (8) A 
c = 21.687 (3) A 

Data collection 

Agilent Xcalibur Eos Gemini 
diffractometer 

Absorption correction: multi-scan 
(CrysAIis PRO; Agilent, 2011) 
Tnin = 0.619, T max = 0.733 

Refinement 

R[F 2 > 2a(F 2 )] = 0.039 
wR(F 2 ) = 0.088 
S = 1.05 

11422 reflections 
854 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



$ = 106.709 (16)° 
V = 5819.1 (10) A 3 
Z = 4 

Mo Ka radiation 
jtt = 1.33 mm -1 
T = 101 K 

0.40 x 0.30 x 0.25 mm 



31709 measured reflections 
11422 independent reflections 
8774 reflections with / > 2a(I) 
R iM = 0.038 



500 restraints 

H-atom parameters constrained 
A/w = 1.46 e A~ 3 
Ap mi „ = -0.81 e A~ 3 
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Data collection: CrysAIis PRO (Agilent, 2011); cell refinement: 
CrysAIis PRO; data reduction: CrysAIis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2010); software used to prepare material 
for publication: publCIF (Westrip, 2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2428). 
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Bis(tetrabutylammonium) [2-(ethoxycarbony)phenylimido]-^ 6 -oxido-dodeca-/* 2 - 
oxido-pentaoxidohexamolybdenum diethyl ether hemisolvate 

Manxiang Wang, ShikaiTao, Jing Guo, Jian Hao and Qiang Li 

Comment 

Polyoxometalates and their organoimido derivatives have gained interest owing to their important optical, electronic, 
magnetic, catalytic, medical, remarkable self-assembly properties and chemical reactivity (Hill, 1998; Li et ah, 2011). Up 
to date, a number of organoimido derivatives of hexamolybdate have been obtained via three types of reactions, which 
include reactions with phosphinimines (Du et ah, 1992), isocyanates (Mohs et ah, 1995), and aromatic amines (Clegg et 
ah, 1995). Also, based on the DCC dehydrating protocol, we have developed a new approach to synthesize such hybrid 
materials (Wu et ah, 2004). 

Because the reaction of [«-Mo 8 0 2 6] 4 " with aromatic amines hydrochlorides can easily take place under much more 
milder conditions to selectively yield mono-functionalized organoimido derivatives of hexamolybdate, such new hybrids 
can now be synthesized more easily and conveniently in a more controlled fashion. As well known, the ester group is an 
important reactive functional group which can be applied in ester exchange, hydrolyzation, and aminating reactions in 
organic syntheses, thus it is necessary to develop new aromatic ester derivatives of hexamolybdate. Based on our 
previous work, we expanded aromatic ester amines as raw materials, and obtained more stable building blocks to 
construct novel POM-based organic-inorganic hybrids. Here, we report the synthesis and structural characterization of a 
new aromatic ester derivative of hexamolybdate. 

The asymmetric unit of the title compound includes one [MogOigN^HsOOCCeHi)] 2 " anion, two tetrabutylammonium 
cations, and a half ether molecule disordered by inversion (Fig. 1). Anions and cations are also disordered (see 
Refinement section). In the cluster anion one terminal oxo group is replaced by an alkylimido ligand (Fig. 2). The short 
Mo4=Nl distance, 1.726 (4) A, and approximately linear CI — Nl=Mo4 and CIA — Nl=Mo4 bond angles, 160.7 (5) and 
167.6 (5)°, are typical of organoimido groups bonded at an octahedral d° metal center, and are consistent with a 
significant degree of Mo=N triple bond character (Karlin & Wigley, 2007; Li et ah, 2008). Another notable structural 
feature is that the Mo4 — 03 distances between the Mo atom carrying the imido group and the central O atom within the 
cluster anion cage, 2.196 (3) A, which is significantly shorter than the other Mo — 03 bond lengths (ca. 2.34 A). This is 
consistent with the weak /raws-influence of the imido group compared to the oxo group. 

In the crystal, cations and anions form hydrogen bonds (Fig. 3), the donor groups being methylene groups in the cations 
and aromatic CH groups of the aryl ring, while acceptors groups are O atoms from the polyoxometalate cluster and the 
ester moieties. 

Experimental 

A mixture of (Bu4N)4[a-Mo8026] (1.0 mmol), DCC (2.7 mmol) and ethyl o-aminobenzoate hydrochloride (1.4 mmol) was 
refluxed in anhydrous acetonitrile (10 ml) for about 6 h. After dissolution, the mixture turned red, and a large amount of 
white precipitate formed, which was identified as dicyclohexyl urea. After cooling the suspension to room temperature, 
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the white precipitate was removed by filtration, and acetonitrile was allowed to slowly evaporate. The product deposited 
from the filtrate as a red colloid-like solid. This red solid was washed with ethanol and Et 2 0 several times, and the 
residue was dissolved in acetone. Single crystals used for X-ray diffraction were obtained by diffusion of ether into this 
solution. The product was obtained as orange crystals in moderate yield (50-60 %). 

Refinement 

The structure is strongly disordered. All the arylester groups is disordered over two positions, for which occupancies 
were refined, converging to 0.559 (3) and 0.441 (3). In the N2 -cation, C36 is disordered with C37. The N3-cation has 
three disordered butyl chains: C47— C48 is disordered with C49— C50; C54 is disordered with C55; and C57— C58— 
C59 is disordered with C60 — C61 — C62. Occupancies were restrained to be identical to those refined for the anion 
disorder. Finally, the occupancy for the ether molecule, which is placed on an inversion center, was fixed to 1/2. Bond 
lengths for C — C groups involving disordered parts of the cations were restrained with DFIX to suitable target values, as 
well as bond lengths in the ether molecule. A set of SIMU and SAME restraints were applied to the arylester, while SIMU 
and DELU restraints were used in the disordered parts of the cations. Finally, SIMU restraints were applied for the ether 
solvent (Sheldrick, 2008). All H atoms were placed in idealized positions, and refined as riding on their parent atoms, 
with C — H fixed to 0.93 (aromatic CH), 0.96 (methyl CH 3 ) and 0.97 A (methylene CH 2 ). Isotropic displacement 
parameters for H atoms were calculated as £/ iso (H) = 1 .2 £/ eq (parent C) for aromatic and methylene groups, and {/ iS0 (H) = 
1. J7 eq (parent C) for methyl groups. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO (Agilent, 2011); data reduction: CrysAlis 
PRO (Agilent, 2011); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2010); software used to prepare 
material for publication: publCIF (Westrip, 2010). 
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Figure 1 

The asymmetric unit of the title compound. A single site for disordered groups has been retained. See the archived CIF 
for a complete view. 
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Figure 2 

A view of the anion of the title compound, with displacement ellipsoids shown at the 50% probability level. One position 
of the disordered aryl group is shown. 



Acta Cryst. (2012). E68, m926-m927 



sup-4 



supplementary materials 




o 

N 

C 



Figure 3 

A view showing hydrogen bonds in the crystal. 

Bis(tetrabutylammonium) [2-(ethoxycarbony)phenylimido]-|i 6 -oxido-dodeca-^/ 2 -oxido- 
pentaoxidohexamolybdenum diethyl ether hemisolvate 



Crystal data 

(C 16 H 36 N) 2 [Mo 6 O 18 (C 9 H 9 NO 2 )]-0.5C4H 10 O 

M r = 1548.79 

Monoclinic, P2i/n 

Hall symbol: -P 2yn 

a = 16.3974 (16) A 

6= 17.0854 (8) A 

c = 21.687 (3) A 

p= 106.709(16)° 

V= 5819.1 (10) A 3 

Z = 4 

Data collection 

Agilent Xcalibur Eos Gemini 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 16.0971 pixels mm" 1 
to scans 

Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 201 1) 
T mm = 0.619, T max = 0.733 



F(000) = 3124 

£> x = 1.768 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9126 reflections 

(9 = 3.0-29.3° 

fi — 1.33 mnT 1 

T= 101 K 

Prism, orange 

0.40 x 0.30 x 0.25 mm 



31709 measured reflections 
11422 independent reflections 
8774 reflections with / > 2o(I) 
^ = 0.038 

Oma = 26.0°, ^min = 3.0° 

h = -18— >20 
k = -21^20 
/ = -23->26 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F- > 2o(F 2 )] = 0.039 
wRiF 1 ) = 0.088 
S = 1.05 

11422 reflections 
854 parameters 
500 restraints 
0 constraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.0243P) 2 + 15.7229P] 

where P = (F 2 + 2F 2 )/3 
(A/aU x = 0.003 
A/w = 1.46 eA" 3 
Ap min = -0.81 eA- 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x y z U 1S0 */U eq Occ. (<1) 



Mol 


0.13934(2) 


0.73051 (2) 


0.69604 (2) 


0.02405 (10) 




Mo2 


0.02537 (3) 


0.77620 (2) 


0.79380 (2) 


0.02889(11) 




Mo3 


-0.14888 (2) 


0.71677 (2) 


0.68630 (2) 


0.02216 (10) 




Mo4 


-0.03375 (2) 


0.67183 (2) 


0.592661 (19) 


0.02048 (9) 




Mo5 


0.01623 (2) 


0.59741 (2) 


0.73540 (2) 


0.02414 (10) 




Mo6 


-0.02612 (2) 


0.84988 (2) 


0.64686 (2) 


0.02159(10) 




03 


-0.00579(17) 


0.72276 (16) 


0.68949 (15) 


0.0201 (6) 




04 


0.24275 (19) 


0.7419 (2) 


0.69912 (18) 


0.0357 (8) 




05 


-0.25062 (19) 


0.70524 (18) 


0.68807 (17) 


0.0313 (8) 




06 


-0.04756 (19) 


0.94123 (17) 


0.61622 (17) 


0.0315 (8) 




07 


0.0367 (2) 


0.50668 (18) 


0.76667 (17) 


0.0331 (8) 




08 


0.0486 (2) 


0.8132 (2) 


0.86895 (18) 


0.0442 (9) 




09 


-0.14729(17) 


0.67117(16) 


0.60821 (15) 


0.0212 (7) 




O10 


-0.00610 (18) 


0.58029 (16) 


0.64367 (15) 


0.0222 (7) 




Oil 


0.08570 (18) 


0.69854 (17) 


0.60962 (15) 


0.0241 (7) 




012 


-0.05685 (17) 


0.78646 (16) 


0.57403 (14) 


0.0204 (6) 




013 


-0.14205 (18) 


0.81707 (17) 


0.65775 (17) 


0.0287 (8) 




014 


-0.09814 (18) 


0.61154(17) 


0.72434 (15) 


0.0244 (7) 




015 


0.13247 (18) 


0.63098 (18) 


0.72674 (16) 


0.0292 (8) 




016 


0.08876 (18) 


0.83694 (17) 


0.65953 (16) 


0.0264 (7) 




017 


-0.0922 (2) 


0.74992 (18) 


0.77413 (16) 


0.0309 (8) 




018 


0.04689 (19) 


0.66369(19) 


0.80821 (15) 


0.0306 (8) 




019 


0.13364 (19) 


0.77597 (19) 


0.77511 (16) 


0.0322 (8) 




020 


-0.0036 (2) 


0.86502 (17) 


0.73992 (16) 


0.0303 (8) 




Nl 


-0.0593 (2) 


0.6384 (2) 


0.51431 (19) 


0.0244 (8) 




CI 


-0.1064 (7) 


0.6223 (9) 


0.4506 (5) 


0.024 (2) 


0.441 (3) 


C2 


-0.1956 (6) 


0.6319(6) 


0.4341 (5) 


0.027 (2) 


0.441 (3) 
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-0.2212 


0.6447 
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0.032* 


0.441 (3) 


C3 


-0.2451 (7) 


0.6225 (6) 


0.3711 (5) 


0.032 (2) 


0.441 (3) 


H3 


-0.3039 


0.6280 


0.3607 


0.039* 


0.441 (3) 


C4 


-0.2070 (7) 


0.6049 (7) 


0.3239 (6) 


0.036 (2) 


0.441 (3) 


H4 


-0.2405 


0.5995 


0.2815 


0.043* 


0.441 (3) 


C5 


-0.1199 (8) 


0.5952 (8) 


0.3386 (6) 


0.036 (2) 


0.441 (3) 


H5 


-0.0952 


0.5841 


0.3060 


0.043* 


0.441 (3) 


C6 


-0.0689 (7) 


0.6019 (6) 


0.4019 (5) 


0.0275 (19) 


0.441 (3) 
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A A/C/C /CA 

O.Ooo (j) 


A AO O //I A 

0.033 (4) 


A A/1 C //I A 

0.043 (4) 


A AO A /O A 

0.0z4 (3) 


/~1 0 A 

C36 


A at a /ca 
0.036 (3) 


A A/1 1 /CA 

0.041 (3) 


A AC 1 /'TA 
0.0M (/) 


A AAO //IA 

0.00Z (4) 


A A1 A /CA 
0.010 (3) 


A AAC /CA 

—0.003 (3) 


C3 / 


A AT O /OA 
0.03 / (/) 


A A/1 O /OA 

0.048 ( /) 


A CilZ A / 1 AA 
0.064 (10) 


A AAO ( £L\ 

0.00Z (o) 


A A1 O /OA 
0.013 (/) 


A AA/1 /OA 

—0.004 ( /) 


XTO 

JN3 


A A/1 C /0 A 
0.043 (3 ) 


A AO /I /'OA 

0.0Z4 (Z) 


A A/1 A /"2A 

0.044 (3J 


AA11O/10A 

— o.ony (loj 


A AOO /OA 

0.0Z / (z) 


A AAO 0/1 OA 

— 0.00Z8 (19) 


C41 


A AT C /"I A 

0.03d (3) 


A AT O /T A 

0.03 / (3) 


A AOA /1A 

o.ozy (3j 


A A 1 A /OA 

—0.010 (Z) 


A A 1 A /OA 

0.014 (z) 


A AAO /OA 

0.00Z (z) 


r • \ o 

C4z 


A AT 1 /OA 

0.033 (3) 


A AO 1 / CA 

0.091 (j) 


A ACO //IA 
0.03Z (4) 


A AAC /T.A 

—0.003 (3) 


A A 1 C /OA 
0.013 (3) 


A AAA //IA 
0.009 (4) 


C43 


A AT O /"I a 

0.03Z (3) 


A AC/C //I \ 
0.036 (4) 


A AO ( A\ 
0.03Z (4J 


A A A 1 /O A 

—0.001 (3) 


A AAO /TA 

0.00Z (3) 


A AAA /OA 

0.006 (3) 


/"M /I 
C44 


A 1 OO /OA 
0.1Z3 (/) 


A AQO /CA 
0.08Z (3 ) 


A ACC /CA 


A AO C /CA 
0.0Z3 (3) 


A AO 1 /CA 
0.031 (3) 


A A 1 A //I A 
0.016 (4) 


C43 


A A/TO //IA 

0.068 (4) 


A AT T /T \ 

0.033 (3) 


A A*71 /CA 

0.0/1 (d) 


A A 1 O /OA 

0.018 (3) 


A ACO //IA 

0.033 (4) 


A AOA /OA 

O.OzO (3) 


/"M a 
C46 


A AAO //I A 

0.098 (4) 


A AjCO //l\ 

O.Ooz (4) 


A 1 OA /jCA 

O.lzO (oj 


A AC 1 //I A 

0.031 (4) 


A AO A /C A 

0.084 (3) 


A AC A //I A 

0.039 (4) 


/"M o 
C4 / 


A AO A (A A 

0.084 (4) 


A AT) /C\ 

0.0z3 (j) 


A f\H A /AA 

0.0 /4 (9) 


A A 1 /C A 

O.Olo (3) 


A AC/ //CA 

0.03O (o) 


A A1 A /CA 
0.014 (3) 


L48 


A ACO /AA 

0.03 / (6) 


a A/i 1 //;a 
0.041 (o) 


A AC/^ /QA 

0.03O (8J 


A A1 7 //I A 

—0.01 / (4) 


A AOA /CA 

O.OzO (3) 


A AAO /CA 

0.009 (3) 


/"M o 

C49 


A AO/I /OA 

0.084 (8) 


A AC A /'OA 

O.OoO [y) 


A rim (A OA 

O.Oy/ (Iz) 


A AT T /OA 
0.033 (/) 


A AAO /OA 

O.O08 (8) 


A AO A /OA 

0.034 (8) 


pen 

L50 


A AT O /TA 

0.038 (7) 


A AT A /n\ 

0.039 (7) 


A AT) / 1 1 A 

0.073 (11) 


A A 1 A /CA 

0.010 (3) 


A A 1 O /*7\ 

0.018 (7) 


A A 1 *7 //CA 

0.017 (6) 


CM 


A AT /I /"I A 

0.034 (3) 


A A1 C /"I A 

0.030 (3) 


A AO C il A 

0.03o (3) 


A AAO /OA 

—O.OOZ (Z) 


A AO T /OA 

0.0Z3 (z) 


A AAO /OA 

0.00Z (z) 


C3z 


A AAA //IA 

0.060 (4) 


A ACQ M A 

0.0j8 (4) 


A AAO /CA 

O.Ooz \p) 


A AOA /OA 

— 0.0Z0 (3) 


A AOO /OA 

0.039 (3) 


A A 1 O /OA 

—0.018 (3 ) 


C33 


A AO //IA 

0.03Z (4) 


A AC A (A \ 

O.OjV (4) 


A A/I C //I A 

0.043 (4) 


A A 1 O /OA 
— 0.01Z (3) 


A AOA /TA 

O.Ozo (3) 


A AAO /OA 

—0.00/ (3) 


L54 


A AO/: / 1 A\ 

0.086 (10) 


A AAA / 1 A\ 

0.090 (10) 


A A A "7 / 1 OA 

0.097 (12) 


A A 1 1 /OA 

0.017 (8) 


A A/^yl /AA 

0.064 (9) 


A A 1 O /A\ 

— 0.0 Iz (9) 


C33 


A AC 1 /ON 

U.UM (s) 


A ACA {H\ 

U.UdU (/) 


A A A C fCW 

U.U46 (9) 


A AA"7 
U.UU/ (6) 


A AOO /OA 

O.Ozz (/) 


A A 1 1 /OA 

—0.011 (/) 


L36 


A AOA (A N 


A A/1 Q 
U.U48 (J ) 


n a^I //1\ 

U.U6J (4) 


— U.U3D (j) 


A ACO /OA 

0.033 (3) 


A AO 1 /OA 

— O.Ozl (3) 


/'CO 

C3 / 


A A/1 O /CN 
U.U45 (5) 


A ATA //l \ 
U.UjU (4) 


A A/1 O //I \ 

U.U48 (4) 


a nn //i\ 
— U.ulz (4) 


A AOA //IA 

O.Ozo (4) 


A AAO //IA 

—0.00 / (4) 


pro 

C38 


A A/I /I //IN 

U.U44 (6) 


A A"5 O 

U.U3B (j) 


A A A C /T\ 
U.U43 (/) 


A AA/: /CN 

— U.UU6 (3) 


A AO A /AA 

0.0Z4 (6) 


A A 1 T /AA 

—0.013 (6) 


C39 


A ACO in\ 
U.lDZ (/) 


A AC c in\ 
(/) 


A A A A /ON 

U.U49 (o) 


A A 1 A i a\ 

— U.U1U (6) 


A A 1 O /AA 
0.01 / (6) 


A A1 O /OA 

—0.018 (/) 


C60 


A A/1 /I //IN 

U.U44 (4) 


A A1 0 //l ^ 

U.U3B (4) 


n AC1 /c\ 
U.U3J (D) 


— U.U1 / (J) 


A AOO //I A 

0.0Z3 (4) 


A AAA //IA 

—0.006 (4) 




A A A 1 //I \ 

0.041 (4) 


a A") n / /i \ 

0.039 (4) 


A ACA / C\ 

0.050 (5) 


A AA/: //IN 

—0.006 (4) 


A AOO //I \ 

O.OzZ (4) 


A AAA / A A 

—0.009 (4) 




f) D47 f6"l 




U.UJJ ^7 I 


—o nn.7 C\\ 


W.UZO ^oj 


U.WZ 1 J 


C101 


0.077 (10) 


0.080(12) 


0.062 (12) 


0.017(10) 


0.028 (9) 


0.020 (10) 


C102 


0.050 (6) 


0.061 (6) 


0.058 (7) 


0.006 (5) 


0.004 (5) 


0.008 (6) 


0103 


0.044 (8) 


0.046 (5) 


0.044 (4) 


0.007 (5) 


0.021 (4) 


0.002 (4) 


C104 


0.051 (6) 


0.065 (6) 


0.039 (6) 


-0.004 (5) 


0.016(5) 


0.010 (5) 


C105 


0.069(11) 


0.077 (12) 


0.043 (10) 


-0.002 (9) 


0.011 (8) 


0.011 (9) 



Geometric parameters (A, ") 



Mol— 03 


2.347 (3) 


C32— H32A 


0.9600 


Mol— 04 


1.689 (3) 


C32— H32B 


0.9600 


Mol— Oil 


1.907 (3) 


C32— H32C 


0.9600 


Mol— 015 


1.841 (3) 


C33— C34 


1.514(7) 


Mol— 016 


2.060 (3) 


C33— H33A 


0.9700 


Mol— 019 


1.909 (3) 


C33— H33B 


0.9700 


Mo2— 03 


2.355 (3) 


C34— C35 


1.538 (7) 


Mo2— 08 


1.686(4) 


C34— H34A 


0.9700 


Mo2— 017 


1.904 (3) 


C34— H34B 


0.9700 


Mo2— 018 


1.963 (3) 


C35— C36 


1.515 (12) 


Mo2— 019 


1.931 (3) 


C35— C37 


1.449 (8) 
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Mo2 — Oil) 


1 oni /i\ 

1.891 (3) 


Mo3 — 03 


2.330 (3) 


Mo3 — 05 


1.691 (3) 


Mo3 — 09 


1.871 (3) 


Moi — U13 


1.530 (3) 


A K ") /~\ 1 /I 

Mo3 — 014 


2.052 (3) 


Mo3 — 017 


1.948 (3) 


A K ^ A XT 1 

JVLo4 — N 1 


1 T^ ZT / /I \ 

1.726 (4) 


Mo4 — L)3 


1 1 A/I /1\ 

2. 196 (3) 


Mo4 — (J 9 


1.985 (3) 


A /T„ /I Z~\ 1 A 

Mo4 — (J 10 


1.894 (3) 


VI 0 4 — (J 1 1 


1 A /I 1 /I \ 

1.941 (3) 


VI 0 4 — (J 12 


2.013 (3) 


Mo5 — 03 


2.346 (3) 


Mo5 — 07 


1.687 (3) 


Mod — (J 10 


1 AT A \ 

1.939 (3) 


VI o j — (J 14 


1.837 (3) 


AT C Z™\ 1 C 

Mo5 — 015 


I AC A ZO\ 

2.050 (3) 


A It C / \ 1 O 

Mo5 — 018 


1 OAA /OA 

1.890 (3) 


Moo — 03 


2.346 (3) 


MOO — (JO 


1 .mi (j ) 


Moo — Olz 


1.06Z (J) 


Mo6 — 013 


2.059 (3) 


Moo — 0 1 6 


1.83 / (3) 


Moo — Oil) 


1 az: 1 /">\ 

1.961 (3) 


XT 1 t~* 1 

Nl — LI 


1 A A'? / 1 A\ 

1.403 (10) 


CI — C2 


1 /I 1 1 / 1 IN 

1.411 (12) 


CI — Co 


1 A A A / 1 *5 A 

1.4U9 (13) 


C2 — C3 


1.383 (12) 


C2 — til 


A A'? AA 

0.9300 


C3 — C4 


1 •"> T O / 1 /I \ 

1.378 (14) 


C3 — H3 


A AO A A 

0.9300 


C4 — Cj 


1 101 /"1 /;\ 
1.381 (16) 


C4 — H4 


A A *"> A A 

0.9300 


C5 — Co 


1.392 (14) 


C5 — H5 


A m AA 

0.9300 


Co — C7 


1 /I A /I / 1 'J \ 

1.494 (13) 


C7 — 01 


1.227 (11) 


C7 — 02 


1.312 (15) 


Oz — C8 


1.464 (12) 


/—i o z~ia 

Co — C9 


1.526 (16) 


Co — Ho A 


A A~7 AA 

0.9700 


/"■o t yon 

Co — H8B 


A AT A A 

0.9700 


C9 — H9C 


A A/IAA 

U.9600 


C9 — H9A 


0.9600 


C9— H9B 


0.9600 


Nl— CIA 


1.383 (9) 


CIA— C2A 


1.412(11) 


CIA— C6A 


1.404 (12) 



C35 — H35A 


A AT A A 

0.9700 


C35 — H35B 


0.9700 


C35 — H35C 


A A7AA 

0.9700 


C35 — H35D 


A mAA 

0.9700 


C36 — H36A 


A A/" A A 

0.9600 


C36 — H36B 


0.9600 


C36 — H36C 


A A/" A A 

0.9600 


C37 — H37A 


0.9600 


C37 — H37B 


A A^AA 

0.9600 


C37 — H37C 


0.9600 


N3 — C41 


1.519 (6) 


N3 — C45 


1.523 (7) 


N3 — C5 1 


1.529 (6) 


N3 — C56 


1.502 (6) 


C41 — C42 


1.525 (7) 


Z" 1 /I 1 TT/I 1 A 

C41 — H41A 


A AT A A 

0.9700 


C41 — H41B 


A AT A A 

0.9700 


C42 — H42A 


A A7AA 

0.9700 


C42 — H42B 


0.9700 


C43 — C42 


1.520 (8) 


C43 — C44 


1 /I O 1 /A\ 

1.481 (9) 


C43 — H43A 


A AT A A 

0.9700 


/"I HO TT/IO T» 

C43 — H43B 


t\ ATAA 

0.9700 


Z~i H A T 1 A A A 

C44 — H44A 


0.9600 


C44 — H44B 


A A^AA 

0.9600 


C44 — H44C 


0.9600 


/"I yl ^ /~1 /I Z" 

C45 — C46 


1 C i~\ T /T\ 

1.527 (7) 


z' ' AC T1 A C \ 

C45 — H45A 


A ATAA 

0.9700 


C45 — H45B 


A ATAA 

0.9700 


/"I A / Z~1 yl 

C46 — C49 


1.521 (16) 


C46 — H46A 


A ATAA 

0.9700 


/—I ,1 /" T T /I Z"Ti 

C46 — H46B 


A ATAA 

0.9700 


C46 — H46C 


A ATAA 

0.9700 


C46 — H46D 


(\ ATAA 

0.9700 


C47 — C46 


1 i~ O "7 /1 /l\ 

1.537 (14) 


C47 — C48 


1.535 (13) 


/—< a T T T /I "7 A 

C47 — H47A 


A ATAA 

0.9700 


Z~< yl ^ TT/I 

C47 — H47B 


0.9700 


fi AO T T A O A 

C48 — H48A 


0.9600 


/-I (O TT/I on 

C48 — H48B 


0.9600 


/~i /i o T T A O Z~"< 

C48 — H48C 


0.9600 


Z~1 /I /"\ TUfl A 

C49 — H49A 


0.9700 


C49 — H49B 


A ATAA 

0.9700 


C50— C49 


1.509 (16) 


C50— H50A 


0.9600 


C50— H50B 


0.9600 


C50— H50C 


0.9600 


C51— C52 


1.490 (7) 


C51— H51A 


0.9700 
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C2A — C3A 


1 O T A ( 1 1 \ 

1.379 (11) 


/~i '> a TTO A 

L2A — H2A 


0.9300 


C3A — C4A 


1 O O / 1 O \ 

1.368 (13) 


C3A — H3A 


A AO A A 

0.9300 


C4A — C5A 


1.377 (13) 


/"MA TTyl A 

C4A — H4A 


A AO AA 

0.9300 


C5A — C6A 


1 TO/1 / 1 IS 

1.380 (11) 


/"^C A TTC A 

C5A — H5A 


A AO AA 

0.9300 


C • / a PT A 

C6A — C7A 


1 C 1 O / 1 O \ 

1.512 (13) 


C7A — OIA 


1 OO/l /1 1 \ 

1.224 (11) 


p -7 a PO A 

C7A — 02A 


1 OAO/10\ 

1.308 (13) 


/"\0 * p O A 

02A — C8A 


1.455 (13) 


P o a p p> a 

C8A — C9A 


1 CO C / 1 O \ 

1.535 (13) 


/"■OA T TO A A 

C8A — H8AA 


A ATAA 

0.9700 


p o a TTO A Tl 

C8A — H8AB 


A AT AA 

0.9700 


l~*C\ A TTO A A 

C9A — H9AA 


A AzTAA 

0.9600 


/~*a A un A d 
C9A — H9AB 


a A£AA 

U.9600 


C9A — H9AC 


A A/^AA 

0.9600 


N2 — C2 1 


1.514 (6) 


N2 — C25 


1.530 (5) 


XTO /"'OA 

Nz — c/9 


1.533 (5) 


N2 — C33 


1.517 (5) 


C21 — C22 


1.525 (6) 


PT1 TTO 1 A 

C21 — H21A 


0.9700 


PI 1 TTO 1 T> 

L21 — Hz IB 


A AT A A 

0.9700 


C22 — C23 


1.516 (7) 


C22 — H22A 


0.9700 


C22 — H22B 


A A"7 A A 

0.9700 


C23 — C24 


1 C A A /T\ 

1.509 (7) 


C23 — H23A 


A AT AA 

0.9700 


C23 — H23B 


A AT AA 

0.9700 


(~< A T n A A 

C24 — H24A 


a a/:aa 

0.9600 


Cz4 — Hz4B 


A A£AA 

0.9600 


f • ,j TTO/i/" 1 

C24 — H24C 


0.9600 


C25 — C26 


1.517 (6) 


PIC TTO C A 

L25 — H25A 


A AT A A 

0.9700 


f "~\ c tto cn 

C25 — H25B 


A A*7AA 

0.9700 


C26 — C27 


1.535 (6) 


/" < / TTO/" A 

C26 — Hz 6 A 


A ATAA 

0.9700 


p ' ~) s TTO/^Ti 

Lzo — HzoB 


A AT A A 

0.9700 


C27 — Hz/A 


A A O" A A 

0.9700 


rin TTOTT) 

L27 — H27B 


A AO A A 

0.9700 


C28 — C27 


1 f 1 A /T\ 

1.510 (7) 


C28 — H28A 


0.9600 


C28— H28B 


0.9600 


C28— H28C 


0.9600 


C29— C30 


1.509 (6) 


C29— H29A 


0.9700 


C29— H29B 


0.9700 



C51 — H51B 


A AO A A 

0.9700 


/""If -"^ TIf 1 A 

C52 — H52A 


f\ A7AA 

0.9700 


/"a ^ r\ Tir^n 

C52 — H52B 


A AOAA 

0.9700 


p CO 

C53 — C52 


1 c 1 0 /o\ 

1.517 (8) 


C53 — C54 


1 C A A / 1 A \ 

1.500 (14) 


C53 — C55 


1.474 (13) 


pi o T T C O A 

C53 — H53A 


A AOAA 

0.9700 


C53 — H53B 


0.9700 


/""ICO TTO/"< 

C53 — H53C 


A AOAA 

0.9700 


C53 — H53D 


0.9700 


C54 — H54A 


0.9600 


C54 — H54B 


0.9600 


Z A TTC A f ' 

C54 — H54L 


A A/TAA 

0.9600 


C55 — H55A 


0.9600 


C55 — H55B 


0.9600 


C55 — H55C 


0.9600 


C56 — C57 


1 C /I O" / 1 /I \ 

1.547 (14) 


C56 — C60 


1.616 (11) 


C56 — H56A 


0.9700 


f ^ C /~ TTf /TT 

C56 — H56B 


A ATAA 

0.9700 


f ^ r / TTC z"/" 1 

C56 — H56C 


A ATAA 

0.9700 


/- • r f TTf /"T\ 

C56 — H56D 


A ATAA 

0.9700 


C57 — C58 


1.54 (3) 


/"~- /" -7 TTf a A 

C57 — H57A 


A ATAA 

0.9700 


/"~- r -7 TTnn 

C57 — H57B 


A ATAA 

0.9700 


/~1 f O TTf O A 

C58 — H58A 


f\ r\*i f\f\ 

0.9700 


/~i f 0 TTf nn 

C58 — H58B 


f\ A7AA 

0.9700 


f ' C A /" 1 C O 

C59 — C58 


1.53 (2) 


/— • r (\ T TC A A 

C59 — H59A 


A A/"AA 

0.9600 


C59 — H59B 


0.9600 


rif A TTf c\/~* 

C59 — H59C 


0.9600 


C60 — C61 


1 COO 

1.522 (13) 


C60 — H60A 


A ATAA 

0.9700 


C60 — H60B 


t\ r\*i f\f\ 

0.9700 


/"^ / 1 TT/1 A 

C6l — H61A 


r\ r\*i f\f\ 

0.9700 


C61 — H61B 


A ATAA 

0.9700 


C62 — C61 


1.51 (2) 


/"a / TT/^ A 

C62 — H62A 


0.9600 


C62 — H62B 


0.9600 


C • / ^\ TT/"'i/-1 

C62 — H62C 


A A/"AA 

0.9600 


pi A1 TT1 ATT 

C101 — H10H 


0.9600 


/~i 1 ai TT1AT 

C101 — H101 


0.9600 


pi ai TT1AT 

C101 — H10J 


A A/"AA 

0.9600 


C102— C101 


1.520 (10) 


CI 02— HI OF 


0.9700 


CI 02 — H10G 


0.9700 


01 03— CI 02 


1.447 (18) 


01 03— CI 04 


1.452 (19) 


CI 04— H10D 


0.9700 
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C30— C31 
C30— H30A 
C30— H30B 
C31— H31A 
C31— H31B 
C32— C31 

04— Mo 1—03 
04— Mol— Oil 
04— Mol— 015 
04— Mol— 016 

04— Mol— 019 
Oil— Mol— 03 
Oil— Mol— 016 
Oil— Mol— 019 
015— Mol— 03 
015— Mol— Oil 
015— Mol— 016 

015— Mol— 019 

016— Mol— 03 
019— Mol— 03 
019— Mol— 016 
08— Mo2— 03 
08— Mo2— 017 
08— Mo2— 018 
08— Mo2— 019 

08— Mo2— 020 

017— Mo2— 03 
017— Mo2— 018 

017— Mo2— 019 

018— Mo2— 03 

019— Mo2— 03 

019— Mo2— 018 

020— Mo2— 03 
020— Mo2— 017 
020— Mo2— 018 
020— Mo2— 019 

05— Mo3— 03 
05— Mo3— 09 
05— Mo3— 013 
05— Mo3— 014 
05— Mo3— 017 

09— Mo3— 03 
09— Mo3— 014 
09— Mo3— 017 
013— Mo3— 03 
013— Mo3— 09 
013— Mo3— 014 
013— Mo3— 017 



1.524 (6) 

0.9700 
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Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i) x-1/2, -y+3/2, z-1/2; (ii) -x, -y+l, -z+1; (iii) -x, -y+2, -z+1. 
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